Functionalized PEG-PEI copolymers complexed to exon-skipping oligonucleotides improve dystrophin expression in mdx mice.
Exon-skipping oligonucleotides (ESOs) with 2'-O-methyl modifications are promising compounds for the treatment of Duchenne muscular dystrophy (DMD). However, the usefulness of these compounds is limited by their poor delivery profile to muscle tissue in vivo. We previously established that copolymers made of poly(ethylene imine) (PEI) and poly(ethylene glycol) (PEG) enhanced ESO transfection in skeletal muscle of mdx mice, resulting in widespread distribution of dystrophin-positive fibers, but limited dystrophin expression by Western blot. In an attempt to improve ESO delivery and dystrophin expression, a new formulation of PEG-PEI copolymer was used, along with functionalized derivatives containing either the cell-penetrating peptide TAT (trans-activator of transcription), adsorbed colloidal gold (CG), or both TAT and CG. Tibialis anterior muscles were given three intramuscular injections of various PEG-PEI-ESO polyplexes (3 days apart; 5 microg of ESO per injection) and muscles were harvested 3 weeks after the first injection. Surface modifications of PEG-PEI copolymers with TAT showed the highest level of dystrophin recovery, with a 6-fold increase in dystrophin-positive fibers compared with ESO alone and up to 30% of normal dystrophin expression by Western blot. The adsorption of CG to either PEG-PEI or TAT-PEG-PEI copolymers showed no further improvement in dystrophin expression. Our data indicate that TAT-modified PEG-PEI copolymers are effective carriers for delivery of ESOs to skeletal muscle and are promising compounds for the therapeutic treatment of DMD.